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NASA TT F-11,855 

APPL I CAT I ON OF MI CROWAVE SPECTROMETRY F O R  THE D E T E R M  I NAT I O N  
OF ETHYL AND ISOPROPYL ALCOHOL IMPURITIES I N  GASOLINE 

A. N .  A leksandrov  and G.  I .  T y s o v s k i y  

ABSTRACT. 
t h e  a u t h o r s  f o r  a n a l y t i c a l  purposes i s  d e s c r i b e d  and a 
q u a n t i t a t i v e  method f o r  d e t e r m i n i n g  e t h y l  and i s o p r o p y l  
a l c o h o l  i m p u r i t i e s  i n  g a s o l i n e  i s  deve loped.  The s p e c t r o -  
me te r  d e s c r i b e d  h e r e i n  i n c o r p o r a t e s  UHF tubes  w i t h  c rossed  
f i e l d s  as t h e  e m i s s i o n  sou rce  and p e r m i t s  measurement o f  
relative i i i t e r i b i i i e s  i n  the 7,060 MHz band and h i g h e r .  T h i s  
appara tus  can be used for t h e  q u a n t i t a t i v e  and q u a l i t a t i v e  
a n a l y s i s  o f  mul t i component  o r g a n i c  m i x t u r e s  and has advan- 
tages  o v e r  methods such as IR-spec t roscopy  and chromato- 
g raphy .  The a n a l y t i c a l  r e s u l t s  a r e  summarized i n  t a b l e s  f o r  
e t h y l  and i s o p r o p y l  a l c o h o l  i n  g a s o l i n e .  

G wide-band microwave spec t romete r  des igned  by 

hlicrowave spec t roscopy has  a h igh  r e s o l u t i o n  c a p a b i l i t y  and i s  much more 
e f f e c t i v e  t h a n  i n f r a r e d  s p e c t r o s c o p y .  
found g e n e r a l  a p p l i c a t i o n  i n  a n a l y t i c a l  chemis t ry .  The p r i n c i p a l  r e a s o n  f o r  
t h i s  i s  t h e  fac t  t h a t  it i s  i m p o s s i b l e  t o  measure t h e  r e l a t i v e  i n t e n s i t i e s  o f  
s p e c t r a l  bands i n  a wide frequency range on t h e  e x i s t i n g  microwave s p e c t r o -  
s c o p e s .  The a u t h o r s  of t h i s  work have designed and c o n s t r u c t e d  a wide band 
microwave s p e c t r o m e t e r  which makes i t  p o s s i b l e  t o  measure r e l a t i v e  i n t e n s i t i e s  
i n  t h e  7,0OO-I\IIiz range and h i g h e r .  This  i s  accomplished by u s i n g  UHF t u b e s  with 
c r o s s e d  f i e l d s  ( t rave l ing-wave  t u b e s ,  backward-wave t u b e s ,  e t c . )  as t h e  source  o f  
emiss ion .  T h i s  a p p a r a t u s  p e r m i t s  t h e  q u a l i t a t i v e  and q u a n t i t a t i v e  a n a l y s i s  o f  
multicomponent m i x t u r e s .  

/ 1532 l  
However, microwave s p e c t r o s c o p y  has  n o t  

T h i s  a r t i c l e  t r e a t s  t h e  q u a n t i t a t i v e  a n a l y s i s  n f  a m i x t u r e  n f  c e r t a i r ,  
o r g a n i c  compounds. 

A ~ ~ a r a t u s .  As t h e  qoiirce of emiqslcn i n  ~ 1 . i ~  T ~ C T ~ K ~ V ~  s p e c t r m c t c r ,  ;iz 
used a tuac L i t h  c r o s s e d  f i e l d s  and cons tan t  scanning wi thout  mechanical 
r e t u n i n g  i n  a wide f requency  range (7 ,000  \Mz). Vie used a IT-shaped wave guide 
wi th  a c o a x i a l  r e c t i f i e r  a s  t h e  r e c t i f i e r  s t a g e .  ‘This e l i m i n a t e d  t h e  need t o  
u s e  f requency-dependent  f i n e - t u n i n g  clements i n  t h e  waveguide channel nf t h e  
a p p a r a t u s .  For t h e  purpose of s t a b i l i z i n g  t h e  UlIF-field i n  t h e  r e g i o n  o f  t h e  
r e c t i f i e r ,  w e  used n e g a t i v e  feedback f o r  t h e  d i r e c t  component o f  t h e  r e c t i f i e r  
c u r r e n t  with a r e l a t i v e  accuracy  o f  ‘2%. The a b s o r p t i o n  c e l l ,  an o r d i n a r y  

Numbers i n  t h e  marg in  i n d i c a t e  p a g i n a t i o n  i n  the  f o r e i g n  t e x t .  
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c e l l  wi th  an i n t e r n a l  e l e c t r o d e ,  was p laced  i n  a t h e r m o s t a t .  
modulat ion frequency was 75 KHz. The a b s o r p t i o n  bands were recorded  by an 
EPP-09 e l e c t r o n  p o t c n t i o r ~ e t e r  connected t o  t h e  output  o f  t h e  synchronous 
r e c t i f i e r .  

The S t a r k  

The o p e r a t i n g  p r e s s u r e  i n  t h e  c e l l  was 1-10-1  mm Hg. 

Procedure  f o r  a u a n t i t a t i v e  a n a l y s i s .  In i n t e r n a l  strrndard i s  made for a l l  
llie s p e c t r a  of  the r e f e r e n c e s  are p r e l i m i n a r i l y  photo-  samples m d  rci 'erciices.  

0 Prapherl for 
i n t e r n a l  st mda-rd ir! t h e  S b s o r p t i s n  c e l l  i s  maintained c o n s t a n t  throughout  t h e  
a b s o r p t i o n  band. For t h e  purpose o f  e l i m i n a t i n g  v a r i a t i o n s  i n  t h e  concent ra -  
t i o n s  o f  t h e  com?onents i n  t h e  l i q u i d  and g a s  phases ,  t h e  sample was i n j e c t e d  
from an i n i e t  space  i n  which t h e  l i q u i d  sample was comple te ly  vapor ized .  The 
e f f e c t  o f  a b s o r p t i o n  on t h e  w a l l s  of  t h e  c e l l  was e l i m i n a t e d  by m a i n t a i n i n g  a 
c o n s t a n t  f low.  

ccnstructicn 95 a cslculated grzph. ? h e  p i - t i a l  pr iessure  u f  r;he 

0 

The measurement e r r o r  c o n s i s t e d  o f  t h e  e r r o r  r e l a t e d  t o  t h e  main ta in ing  o f  
t h e  UHF-field v o l t a g e  i n  t h e  r e c t i f i e r  reg ion  and t h e  e r r o r  o f  t h e  r e c o r d i n g  
i n s t r u m e n t .  
t o  '10%. 

For t h e  measurements o f  f o u r  a b s o r p t i o n  bands t h i s  e r r o r  amounted 

Theory  o f  q u a n t i t a t i v e  a n a l y s i s .  According t o  E s b i t  and V i l ' s o n  [ l ]  t h e  
a l t e r n a t i n g  component of  t h e  r e c t i f i e r  c u r r e n t  i s  

where leff i s  t h e  e f f e c t i v e  l e n g t h  of t h e  c e l l ,  CY i s  the  a b s o r p t i o n  c o e f f i c i e n t  

o f  t h e  g a s ,  c i s  t h e  convers ion  c o e f f i c i e n t  of  t h e  r e c t i f i e r ,  E i s  t h e  v o l t a g e  

of  t h e  e l e c t r i c a l  f i e l d  i n  t h e  r e c t i f i e r  r e g i o n ,  and w i s  t h e  frequency 
of modula t ion .  

/ I533  

C 

The r e l a t i v e  i n t e n s i t y  of t h e  two bands o f  t h e  v a r i o u s  components o f  t h e  
m i x t u r e  i s  

n =I 

I n  u s i n g  t h e  method o f  q u a n t i t a t i v e  a n a l y s i s  which i n c o r p o r a t e s  t h e  u s e  o f  
an i n t e r n a l  s t a n d a r d  i n  a l l  r e f e r e n c e  and analyzed sampic.q mJ t h e  s e l e c t i o n  o f  
one a n a l y t i c  band f o r  each component of t h e  m i x t u r e ,  we may u s e  t h e  e q u a l i t y  
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R 

r e  s t  re 

under  t h e  c o n d i t i o n  

Condi t ion  ( 4 j  may b e  s a E i s f i c d  i f  t h e r e  a re  no v a r i a t i o n s  i n  t h e  h igh- f requency  
channel  o f  t h e  a p p a r a t u s  i n  i t s  e n t i r e  f requency range d u r i n g  t h e  a n a l y s i s .  
Condi t ion  ( 4 )  i s  s a t i s f i e d  and formula (3) i s  v a l i d  f o r  t h e  d e t e r m i n a t i o n  of  
r e l a t i v e  i n t e n s i t i e s  when performing a n a l y s e s  on t h e  a p p a r a t u s  des igned  by t h e  
a u t h o r s ,  which does n o t  have f i n e - t u n i n g  e lements .  Let us c o n s i d e r  t h e  r a t i o  

According t o  t h e  t h e o r y  o f  microwave spec t roscopy [ 2 ] ,  t h e  a b s o r p t i o n  

c o e f f i c i e n t  o f  a gas i s  
U1’Ust. 

where n i s  t h e  number o f  molecules ,  c i s  t h e  v e l o c i t y  o f  l i g h t ,  k i s  t h e  Bol tz -  
mann c o n s t a n t ,  
f requency  o f  t h e  a b s o r p t i o n  hand, and AP i s  a h a l f - w i d t h  o f  t h e  band. 

(Jim) i s  t h e  m a t r i x  element o f  t h e  d i p o l e  moment, v i s  t h e  

I The v a l u e s  of (JiulJI) and v a r e  determined by t h e  p r o p e r t i e s  o f  t h e  
molecule  and by quantum t r a n s i t i o n ,  and a r e  independent  of t h e  c o n c e n t r a t i o n  o f  
t h e  s u b s t a n c e  i n  t h e  m i x t u r e .  The v a l u e  o f  T must b e  main ta ined  c o n s t a n t  d u r i n g  
t h e  a n a l y s e s .  Thus formula (5) may be w r i t t e n  3s 

a - ~ ” .  
Av 

According t o  t h e o r y ,  a h a l f - w i d t h  5 o f  a band depends on t h e  p a r t i a l  
p r e s s u r e s  of t h e  components i n  t h e  mixture  and o n ’ t h e  parameters  o f  t h e  c o l l i -  
s i o n s  of t h e  molecules ,  i . e . ,  

where n,  and n7 a r e  t h e  numbers of t h e  molecules o f  components 1 , 2 , .  . . , i n  t h e  

m i x t u r e s ;  P 11 i s  t h e  c o n t r i b u t i o n  t o  t h e  wid th  o f  t h e  band by t h e  c o l l i s i o n s  o f  

t h e  molecules  of Component 1 with each o t h e r ;  01, i s  t h e  c o n t r i b u t i o n  t o  t h e  

wid th  o f  t h e  band by t h e  c o l l i s i o n s  of  the molecules  o f  component 1 w i t h  t h o s e  
o f  component 2 .  

3 



Consider ing t h a t  energy i s  n o t  t r a n s m i t t e d  from one molecule  t o  a n o t h e r  
e t c .  may b e  r e p r e s e n t e d  i n  t h e  form /1534 1 2 ’  d u r i n g  a c o l l i s i o n ,  t h e  v a l u e s  o f  P , , ,  

= P , * B  1 y  P 12 = P P 2, . . . must depend 11 
o n l y  on t h e  parameters  o f  t h e  corresponding component o f  t h e  mixture .  Formula 
(6)  f o r  t h e  analyzed s u b s t a n c e  and f o r  t h e  i n t e r n a l  s t a n d a r d  w i l l  t h e n  a c q u i r e  
t h e  form 

2 y  . . . , whereupon t h e  v a l u e s  o f  P 

and 

and we have t h e  r e l a t i o n  
- = L . - L .  a1 A n st. 
a s t  A s t  “ S t ’ P I  (81 

By s u b s t i t u t i n g  formula (8) i n t o  express ion  ( 3 )  we o b t a i n :  

S i n c e  n = pC, where g i s  t h e  p r e s s u r e  of  t h e  sample i n  t h e  a b s o r p t i o n  c e l l ,  and 
C i s  t h e  c o n c e n t r a t i o n  of  a component of  t h e  m i x t u r e ,  and assuming t h a t  t h e  

v 

‘ s t r e ) .  c o n c e n t r a t i o n  o f  t h e  i n t e r n a l  s i a n d a r d  i s  c o n s t a n t  i n  a l l  samples (C 
we o b t a i n  

= 
s t  

The v a l u e  of ( i  

sample and 

/ i l ) C r e  = K i s  determined d u r i n g  t h e  a n a l y s i s  o f  t h e  r e f e r e n c e  
s t  

i C = K & .  
k t  

T I - - . -  LL ^ _ _ _ ^ _ e _ , .  
I I I U  ~~~e LuIILC:IILIQti~ii  of  a g i v e 2  r , ~ l m p c x ~ ? t  n f  t i l e  m i x t i i r c  i s  p r o p o r t i o n a l  t o  
t h e  r e l a t i v e  i n t e n s i t y  of t h e  bands o f  this component and o f  t h e  i n t e r n a l  
s t a n d a r d ,  and i s  independent  of t h e  number o f  components i n  t h e  mixture  and of 
t h e  p r e s s u r e  i n  t h e  a b s o r p t i o n  c e l l  under t h e  f o l l o w i n g  c o n d i t i o n s :  1) t h e r e  a r e  
110 v a r i a t i o n s  i n  t h e  high-frequency channel o f  t h e  microwave s p e c t r o m e t e r  
t h r o u g h o u t  t h e  e n t i r e  f requency  range;  2 )  t h e  v o l t a g e  of t h e  UHF-field i s  
c o n s t a n t  i n  t h e  r e c t i f i e r  r e g i o n ;  3 )  t h e  tempera ture  of  t h e  a b s o r p t i o n  c e l l  i s  
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c o n s t a n t .  These c o n d i t i o n s  a r e  i n s u r e d  by t h e  s p e c t r o m e t e r  under  c o n s i d e r a t i o n .  

Determinat ion of the c o n c e n t r a t i o n  o f  C H O H  and Iso-C H OH i n  Gasol ine .  
2 5  3 7  

For t h e  purpose of  t e s t i n g  t h e  p o s s i b i l i t i e s  of conduct ing q u a n t i t a t i v e  a n a l y s i s  
o f  a multicomponent mixture  on t h e  microwave s p e c t r o m e t e r ,  we determined t h e  
amount of  e t h y l  and i s o p r o p y l  a l c o h o l  i n  a complex o r g a n i c  mixture  ( i n  t h e  80- 
190-degree g a s o l i n c  f r a c t i o n ) .  The a n a l y s i s  o f  t h i s  mix ture  by o t h e r  a n a l y t i c  
methods, i n c l u d i n g  i n f r a r e d  spec t roscopy and chromatography, i s  a d i f f i c u l t  
task.  

Q u a n t i t a t i v e  a n a l y s i s  was conducted i n  accordance w i t h  procedures  o u t l i n e d  /1535 
e a r l i e r  w i t h  t h e  a p p l i c a t i o n  of two r e f e r e n c e s  and w i t h  t h e  i n t r o d u c t i o n  o f  an 
i n t e r n a l  s t a n d a r d  i n  a l l  samples .  
a l c o h o l ,  which was added t o  t h e  samples and r e f e r e n c e s  i n  t h e  q u a n t i t y  o f  10% by 
volume (8 grams p e r  m i l l i l i t e r ) .  

A s  t h e  i n t e r n a l  s t a n d a r d  W C  used methyl 

For t h e  a n a l y t i c  bands of  e t h y l  and i s o p r o p y l  a l c o h o l ,  we chose t h e  26,510- 
and 26,82O-:-EIz bands,  r e s p e c t i v e l y .  The 26,817-bRIz band o f  methyl a l c o h o l  was 
s e l e c t e d  as t h e  comparison band. 
a l c o h o l  were determined by a c a l i b r a t e d  graph c o n s t r u c t e d  on t h e  b a s i s  o f  r e f e r -  
ences  w i t h  a known c o n t e n t  o f  e t h y l  and i sopropyl  a l c o h o l .  

The c o n c e n t r a t i o n s  o f  e t h y l  and i s o p r o p y l  

The r e s u l t s  a r e  l i s t e d  i n  Table  1 ( t h e  average o f  two t o  f i v e  measure- 
m e n t s ) .  The r e p r o d u c i b i l i t y  of  t h e  i n d i v i d u a l  measurements i s  shown i n  Table  2 
f o r  s e v e r a l  samples.  I t  f o l l o w s  from t h e s e  t a b l e s  t h a t  t h e  c o n c e n t r a t i o n s  o f  
e t h y l  and i s o p r o p y l  a l c o h o l  i n  g a s o l i n e  determined accord ing  t o  t h e  r e l a t i v e  
i n t e n s i t i e s  of  t h e  bands o f  t h e  microwave spectrum are  i n  good agreement w i t h  
t h e i r  a c t u a l  c o n c e n t r a t i o n s .  

R e p r o d u c i b i l i t y  i s  '10%. 

T A B L E  1 .  D E T E R M I N A T I O N  OF C ~ H S O H  AND 
I S O - C ~ H Z O H  CONCENTRATIONS I N  G A S O L I N E  

Samp 1 e 
N o .  

1 
2 
3 
4 
5 

C Z H ~ O H ,  % 

Used Found Dif fe rence  

1.0 0.81 0.19 
3 . 0  0 . 2  1 . 0  
5.0 5.4 0 . 4  
8 . 0  8 . 3  0 . 3  

10.0 9 .8  0.2 

Reference b.O 

Reference 20.0 
1 

2 

I S O - C  3 H 7 0 H ,  % 

Used Found D i f f e r e n c e  

10.0 9 . 5  0 . 5  
40.0 4 0 . 0  1 . o  
30.0 2 7 . 2  2 .8  
2 0 . 0  18.5 1 . 5  
25.0 25.5 0 . 5  
10.0 

40.0  

T h e  mean r e l a t i v e  c a l c u l a t i o n  e r r o r  was -10%. 
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T A B L E  2. REPRODUCI B l  L i T Y  OF MEASUREMENT R E S U L T S  

1 Yeasure- Sarnpl e Co’ntent, % b y  w e i q h t  

5 

Conclusions 

Average 

1 
2 
3 

Average 

We have d e s c r i b e d  a wide-band microwave s p e c t r o m e t e r  des igned  by t h e  
We have developed a q u a n t i t a t i v e  method f o r  a u t h o r s  f o r  a n a l y t i c a l  purposes .  

de te rmining  t h e  e t h y l  and i s o p r o p y l  i m p u r i t i e s  i n  g a s o l i n e .  
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